FORMÁNEK, P., ROSSELLE, K., TURCO, A., REJŠEK, K., VRANOVÁ, V.: Mineralization of alanine enantiomers in soil treated with heavy metals and nutrients. Acta univ. agric. et silvic. Mendel. Brun., 2011, LIX, No. 1, pp. 49-52 This work deals with the determination of the eff ect of heavy metals and nutrients applied to the soil on alanine enatiomers mineralization with the main focus on evaluating the eff ect on L/D alanine respiration rate ratio. This study was initiated because previous research works revealed a change in L/D amino acid respiration under acid-or heavy metal-stress in soil. Generally, D-amino acids artificially supplied to soil are less utilized by microorganisms compared with their L-enantiomers. Stress of soil microorganisms cause decreased discrimination of D-amino acids utilization. Also, previous research showed that an application of fertilizers or combinations of fertilizers may aff ect the mineralization rate of L-amino acids diff erently, compared with their D-enantiomers. The results of this study show, that the eff ect of both heavy metals and nutrients on the L/D ratio was not clear, increasing or decreasing this ratio. Further research is necessary to broaden this study. soil alanine, enantiomers, respiration, heavy metals, nutrients D-amino acid enantiomers atifi cially supplied to soil are known to be less utilized by soil micro organisms compared with their
This work deals with the determination of the eff ect of heavy metals and nutrients applied to the soil on alanine enatiomers mineralization with the main focus on evaluating the eff ect on L/D alanine respiration rate ratio. This study was initiated because previous research works revealed a change in L/D amino acid respiration under acid-or heavy metal-stress in soil. Generally, D-amino acids artificially supplied to soil are less utilized by microorganisms compared with their L-enantiomers. Stress of soil microorganisms cause decreased discrimination of D-amino acids utilization. Also, previous research showed that an application of fertilizers or combinations of fertilizers may aff ect the mineralization rate of L-amino acids diff erently, compared with their D-enantiomers. The results of this study show, that the eff ect of both heavy metals and nutrients on the L/D ratio was not clear, increasing or decreasing this ratio. Further research is necessary to broaden this study. soil alanine, enantiomers, respiration, heavy metals, nutrients D-amino acid enantiomers atifi cially supplied to soil are known to be less utilized by soil micro organisms compared with their L-enantiomers (Martens and Frankenberger, 1993; Hopkins and Ferguson, 1994; Hopkins et al., , 1997 O'Dowd et al., 1997 O'Dowd et al., , 1999 O'Dowd and Hopkins, 1998; Landi et al., 2000) . This diff erence may be altered under stress conditions. A decrease in L/D glutamine or glutamic acid respiration due to acid-stress accompanied by increasing qCO 2 (the metabolic quotient, which represents the ratio between the respiration and the microbial biomass) was reported by Hopkins et al. (1997) . The exact mechanism of this decrease is not yet known. Landi et al. (2000) reported a signifi cant decrease in the L/D glutamic acid respiration ratio in forest soil incubated in the presence of highly availab le cadmium content. Various factors which are directly or indirectly involved in soil respiration may be aff ected by presence of heavy metals including substrate availability, enzyme inhibition, death of microorganisms, change in physiology and structure of microbial community (Brookes, 1995; Dahlin et al., 1997; Landi et al., 2000; Renella et al., 2003 Renella et al., , 2004 Dai et al., 2004; Khan et al., 2010) when the exact mechanism of heavy metals action on amino acid respiration is not known. The eff ect on amino acids enantiomers mineralization by nutrients applied to the soil has not been studied thoroughly . Generally, fertilizer application may aff ect soil properties including microbial biomass (Zhong et al., 2010) .
The change of L/D amino acid respiration can be used as a method to indicate stress in diff erent soils. Intensive research is necessary to verify the eff ect of stress factors on L/D amino acid respiration ratio and its usefulness as an indicator to control soils in agriculture etc. An application of fertilizers may affect mineralization rate of L-amino acids diff erently, compared with their D-enantiomers . More research is necessary to understand this process and, perhaps in future, consider further use of these results in e.g. control of soil fertility.
In this study whe have attempted to determine the eff ect of selected heavy metals on C-mineralization of alanine enantiomers. This work represents preliminary study where the main aim was to determine if application of diff erent heavy metals or nutrients change L/D alanine respiration ratio. Alanine belongs to amino acids which are characterized by low diff erences between mineralization of its enantiomers .
MATERIAL AND METHODS
A mixed soil sample (= 10 random sub-samples) of up to10 cm depth for experiments was taken from cultivation of Miscanthus x Giganteus in Botanic Gardens and Arboretum of Mendel University in Brno, the Czech Republic (N 49°12'54.240", E 16°36'41.989", 235 meters a.s.l). This plant was established there more than >15 years ago on a plot of 291 m 2 . A er air-drying to reduce moisture to 20 % (w/w) and sieving through 2 mm sieve, the soil contained 2 mg L-or D-amino acid enantiomers per g dry soil, heavy metal solution (Co, Cu, Zn, Mn, Ni in form of chlorides or sulphates) or nutrient solution (Ca, K, and NH 4 + -N in form of chlorides, and NO 3 − -N in form of NaNO 3 ) to obtain 60 % (w/w) moisture. Carbon dioxide which developed in the course of 24 hours was measured at 22 ºC by its absorption into 1 ml 1 M NaOH. Heavy metals or nutrients were applied in concentrations 0-500 g . g −1 dry soil, 2 mg amino acid enantiomers per g dry soil was reported to give maximum respiration rate (Hopkins and Fergusson, 1994; O'Dowd et al., 1997 O'Dowd et al., , 1999 . Each of the analyses were performed fi ve times and soil properties are mentioned in Table I .
RESULTS AND DISCUSSION
C-mineralization rate a er application of alanine enatiomers without application of heavy metals or nutrients ranged from 9.60 to 26.5 μg C-CO 2 . g 
1: L/D ratio of alanine respiration in soil supplied by different heavy metals concentrations (mean ± SE, n = 4−5)
In many cases was L/D ratio of alanine respiration in presence of heavy metals higher compared with the control. Landi et al. (2000) reported a signifi cant decrease in the L/D glutamic acid respiration ratio in forest soil incubated in the presence of highly availab le cadmium content. Highly available cadmium content decreased amino acid enantiomer respiration rate of soil up to the 4 th day from the treatment, while a decrease in the L/D glutamic acid respiration ratio was reported during the fi rst 14 days of incubation of soil, when respiration was attributed to the native microbial biomass being measured after 6 hours. Measurement a er 24 hours (the start of the microbial growth phase) showed no clear trend. This is consistent with our results when measurements were also performed a er 24 hours. Contrary to the work of Landi et al. (2000) , the change of pH after application of heavy metals to soil was not measured in our work, and thus change in soil microbial community due to this reason can not be predicted. Other processes, including substrate availability, enzyme inhibition, death of microorganisms, change in physiology and structure of microbial community due to occurence of heavy metals and shi s to utilization of diff erent substrates, could be involved (Brookes, 1995; Dahlin et al., 1997; Landi et al., 2000; Renella et al., 2003 Renella et al., , 2004 Dai et al., 2004; Khan et al., 2010) .
Application of nutrients in diff erent concentrations did not show a clear eff ect on L/D alanine respiration (Fig. 2 ). An application of fertilizers and their combinations may eff ect mineralization rate of L-amino acids diff erently, compared with their D-enantiomers. For example, an application of farm yard manure increased respiration of L-amino acids or D-alanine and decreased respiration of some Damino acids; farm yard manure in combination with mineral fertilizers (NPK) or only mineral fertilization using NPK reduced or did not eff ect respiration of L-amino acids whereas mineralization of Damino acids was mostly stimulated . Fertilizer application may eff ect soil properties including microbial biomass (Zhong et al., 2010) . As discussed in work of Hopkins et al. (1997) farm yard manure may contain a substantial amount of faecal material rich in bacterial D-amino acids and its application may function as a soil conditioner with D-amino acid enantiomers enhancing D-amino acid metabolism (Hopkins and Ferguson, 1994) . Further research of this topic is necessary to better understand these processes. 
CONCLUSIONS
The application of diff erent heavy metals or nutrients in increasing concentrations to soil did not show any clear eff ect to change L/D alanine respiration. More research is necessary to test these treatments, using other type of amino acids and soils of diff erent properties. This future research should be aimed to fi nd out if the L/D amino acid respiration may be used as an indicator of soil quality. The study was supported by the grant MSM6215648902 / Forest and Wood: the support of functionally integrated forest management and use of wood as a renewable raw material phase 4/2/2, part II "The management strategy of nature conservation areas", and by project "Extension of current knowledge on bioavailable amino acids in soil and their utilization by soil microorganisms and plant roots" (IGA FFWT MENDELU No. 47/2010 -2012 .
